The correlation between excitatory amino acid-induced current responses and excitotoxicity in striatal cultures.
Neuronal excitotoxic injury is initiated by activation of specific excitatory amino acid receptors and is mediated by ion flow through associated ion channels. In a companion paper we defined the age dependence of glutamate toxicity in striatal cultures. In this study we examined the correlation between age-dependent changes in the electrophysiologic responses to glutamate and N-methyl-D-aspartate (NMDA) and the development of excitotoxicity. Currents were recorded in voltage-clamped neurons in response to the pressure application of glutamate or NMDA. We found that 1-week-old cultures were resistant to excitotoxic effects of 1 or 3 mM glutamate (Freese et al., companion paper). Neurons from cultures of this age often did not exhibit current responses when exposed to NMDA (10 microM or 100 microM). However, most neurons were responsive to 10 microM glutamate. After 12 days in culture the current responses induced by NMDA were more prevalent and shifted toward higher amplitudes. These changes in NMDA current responses coincided temporally with major increases in excitotoxic sensitivity. However, we then found that excitotoxic susceptibility doubled between 12 and 18 days in culture without any parallel increase in glutamate- or NMDA-induced currents. Additionally, neurons which survived 1 mM glutamate exposure for 3 h were found to exhibit glutamate and NMDA responses. These data show that the expression of excitatory amino acid-induced currents is a prerequisite for excitotoxicity, but that additional factors must also contribute to the full maturation of in vitro neuronal vulnerability.